We used gene knockout mice to explore the role of Angiopoietinlike-4 (Angptl4) in lipid metabolism as well as to generate antiAngptl4 mAbs with pharmacological activity. Angptl4 ؊/؊ mice had lower triglyceride (TG) levels resulting both from increased very low-density lipoprotein (VLDL) clearance and decreased VLDL production and had modestly lower cholesterol levels. Also, both Angptl4 ؊/؊ suckling mice and adult mice fed a high-fat diet showed reduced viability associated with lipogranulomatous lesions of the intestines and their draining lymphatics and mesenteric lymph nodes. Treating C57BL/6J, ApoE ؊/؊, LDLr ؊/؊, and db/db mice with the anti-Angptl4 mAb 14D12 recapitulated the lipid and histopathologic phenotypes noted in Angptl4 ؊/؊ mice. This demonstrates that the knockout phenotype reflects not only the physiologic function of the Angptl4 gene but also predicts the pharmacologic consequences of Angptl4 protein inhibition with a neutralizing antibody in relevant models of human disease. monoclonal antibody ͉ mouse ͉ triglycerides ͉ cholesterol
ngiopoietin-like-4 (Angptl4), a member of the angiopoietin family of secreted proteins, is a PPAR␣ and -␥ target gene (1) (2) (3) (4) . Studies of Angptl4 excess or deficiency in mice strongly suggest a role for Angptl4 in the metabolism of lipids, primarily triglycerides (TGs) (5) (6) (7) (8) (9) (10) . Injecting human Angptl4 (hAngptl4) into KK/San mice raised plasma TG and nonesterified fatty acids (NEFA), but not total cholesterol; the ability of Angptl4 to inhibit lipoprotein lipase (LPL) in vitro suggested this was the mechanism by which Angptl4 raised TG levels in vivo (5) . Further studies using adenoviral-(6, 7) or transgene-(8) mediated overexpression of various mammalian Angptl4 forms in liver or transgene-mediated overexpression of rodent Angptl4 in heart (9) or fat and skeletal muscle (10) showed a marked increase in TG and a lesser increase in total cholesterol. The TG increase was due to a rise in circulating very low-density lipoprotein (VLDL) (6, 8, 10) . This phenomenon likely resulted from decreased VLDL clearance secondary to the lower LPL activity measured in vivo (8, 9) , because hepatic VLDL production was unaffected (6, 10) . Consistent with these findings, Angptl4 knockout (Ϫ/Ϫ) mice exhibited 65-90% lower fasting TG levels and slightly lower total cholesterol levels, in addition to lower circulating VLDL and an increase in LPL activity (4, 8) . Importantly, Angptl4 Ϫ/Ϫ mice were initially reported to be born at the expected Mendelian frequency and to have a normal lifespan without any phenotypic abnormalities, suggesting that exogenous Angptl4 inhibitors would cause a fairly specific fall in serum lipids, primarily TG, without significant on-target side-effects (8) . Recent work suggests that Angptl4 may play a similar role in humans, because individuals carrying the Angptl4 E40K variant had significantly lower TG levels and higher high-density lipoprotein (HDL) cholesterol levels in multiple independent populations (11) .
To more clearly define the physiologic role of Angptl4, we generated Angptl4 Ϫ/Ϫ mice, characterized the physiological consequences of Angptl4 inactivation and immunized Angptl4 knockout (Ϫ/Ϫ) mice to generate anti-Angptl4 mAbs. Angptl4 Ϫ/Ϫ mice were then studied alongside C57BL/6J, ApoE Ϫ/Ϫ, LDLr Ϫ/Ϫ, and db/db mice treated with the anti-Angptl4 mAb 14D12 to demonstrate that both genetic and antibody inhibition of Angptl4 resulted in lower TG levels, due to increased VLDL clearance and decreased VLDL production, and in modestly lower cholesterol levels. Also, both gene knockout and antibody neutralization of Angptl4 were associated with significant injury to the intestines and their draining lymphatics and lymph nodes when mice were maintained on high-fat diet (HFD).
Results
Generation of Angptl4 ؊/؊ Mice. We used our sequence-tagged gene trap library to generate an initial line of Angptl4 Ϫ/Ϫ mice. Omnibank ES cell clone OST352973 was chosen because of sequence identity with published mouse Angptl4 EST sequence. Inverse genomic PCR of DNA from OST352973 ES cells confirmed that the gene trap vector inserted into intron 2 of mouse Angptl4 (accession NM02081.1), as shown in supporting information (SI) Fig. 5A . Angptl4 heterozygous (ϩ/Ϫ) mice were generated and then intercrossed, yielding viable Angptl4 Ϫ/Ϫ offspring. RT-PCR analysis revealed the presence of endogenous Angptl4 transcript in kidney and liver of Angptl4 wild-type (ϩ/ϩ) mice, but not in Angptl4 Ϫ/Ϫ littermates (SI Fig. 5B) .
A second line of Angptl4 Ϫ/Ϫ mice was generated by homologous recombination. Exons 2 and 3 were targeted for deletion, as shown in SI Fig. 6 . Targeted clones were confirmed by Southern blot analysis and used to generate Angptl4 ϩ/Ϫ mice, which were then intercrossed, yielding viable Angptl4 Ϫ/Ϫ offspring. Because Angptl4 Ϫ/Ϫ mice from each line show an identical phenotype for serum lipids and for intestinal pathology, data presented are limited to studies using Angptl4 Ϫ/Ϫ mice generated by gene trapping.
Development of Monoclonal Antibodies to Angptl4. Immunization of Angptl4 Ϫ/Ϫ mice with recombinant mAngptl4 protein resulted in multiple mice showing high serum titers to antigen by ELISA (data not shown). Hybridomas were generated by fusing isolated splenocytes from an immunoresponsive mouse with NS1 myeloma cells. From this fusion, 25 hybridomas were identified that expressed IgGs that specifically bound to mAngptl4 by ELISA.
To refine the anti-Angptl4 mAb set, we established an Angptl4 neutralization assay that was based on the ability of mAngptl4 to inhibit bovine LPL enzymatic activity. Sufficient mAngptl4 was added to the assay to inhibit LPL activity by 50%. We then used these conditions to test the ability of 15 anti-Angptl4 mAbs to rescue LPL activity. Three mAbs including 14D12, an IgG 2a isotype, rescued LPL activity by at least 50% (SI Fig. 7 ).
Angptl4 ؉/؊ and ؊/؊ Mice and Mice Treated with 14D12 mAb are Hypolipidemic. Fasting TG levels were lower in Angptl4 ϩ/Ϫ and Ϫ/Ϫ mice relative to ϩ/ϩ littermates ( Fig. 1A and SI Fig. 8 ). Also, C57BL/6J mice treated with 14D12 mAb had lower fasting serum TG when compared with mice treated with control mAb (an isotype matched mouse mAb to the irrelevant antigen keyhole limpet hemocyanin) (Fig. 1 A) . Fractionation of plasma lipoproteins by FPLC showed that the lower TG level in Angptl4 Ϫ/Ϫ mice was due to less circulating VLDL (SI Fig. 9A ). Time course and dose-response studies showed that a maximal sustained lowering of TG was achieved by weekly i.p. injection of 30 mg/kg 14D12 mAb (data not shown); unless otherwise stated, this is the mAb dose used in all studies. Under these conditions, 14D12 mAb lowered fasting TG by 50% and 59% in C57BL/6J mice maintained on chow and HFD, respectively, relative to levels in C57BL/6J mice maintained on the same diets but treated with control mAb (Fig. 1 A) . These values were similar to the 48% and 77% decreases in fasting TG measured in Angptl4 Ϫ/Ϫ mice maintained on chow and HFD, respectively. 14D12 mAb also lowered serum TG in LDLr Ϫ/Ϫ, ApoE Ϫ/Ϫ, and db/db mice (Fig. 1B) .
Fasting total cholesterol levels trended lower in Angptl4 ϩ/Ϫ mice and were significantly lower in Angptl4 Ϫ/Ϫ mice maintained on chow or HFD (SI Figs. 8 and 9B ). 14D12 mAb lowered fasting total cholesterol significantly and to a similar extent in C57BL/6J mice maintained on these same diets (SI Fig. 9B ). 14D12 mAb also modestly lowered total serum cholesterol in LDLr Ϫ/Ϫ and db/db mice, but not in ApoE Ϫ/Ϫ mice (SI Fig.  9C ). Lipoprotein fractionation by FPLC showed that lower cholesterol levels in Angptl4 Ϫ/Ϫ mice were due mainly to lower HDL (SI Fig. 9D ). Intragastric loading of olive oil raised serum TG to a greater extent in Angptl4 ϩ/ϩ mice than in Ϫ/Ϫ mice. Consistent with this finding, a comparable olive oil challenge increased serum TG to a greater extent in C57BL/6J mice treated with control mAb compared with those receiving 14D12 mAb ( Fig. 2A) .
Lower serum TG levels after olive oil challenge in Angptl4 Ϫ/Ϫ mice and in 14D12 mAb-treated C57BL/6J mice could be due to increased TG clearance or decreased absorption. To test this, TGs were given parenterally by i.v. infusion of Intralipid. Serum TG peaked 3 min after Intralipid infusion and then fell more rapidly in Angptl4 Ϫ/Ϫ mice than in ϩ/ϩ mice. A similar increase in TG clearance was seen in C57BL/6J mice treated with 14D12 mAb relative to those receiving control mAb (Fig. 2B) . Consistent with the possibility that increased TG clearance is due to increased lipolysis with release of fatty acids, serum NEFA levels 3 min after Intralipid infusion were higher in serum of Angptl4 Ϫ/Ϫ mice than in ϩ/ϩ mice and were higher in serum of mice treated with 14D12 mAb relative to those receiving control mAb (Fig. 2C) . By 30 min, NEFA levels were lower in the Angptl4 Ϫ/Ϫ mice and the 14D12 mAb-treated mice relative to controls, consistent with their lower TG levels at this time. As shown in SI Fig. 10 , stool analysis found no evidence of fat malabsorption, because there was no difference in fecal fat either between HFD-fed Angptl4 Ϫ/Ϫ mice vs. ϩ/ϩ littermates (P ϭ 0.69) or between C57BL/6J mice treated with 14D12 vs. control mAb and then challenged 4 days later with an intragastric olive oil load (P ϭ 0.74).
Angptl4 ؊/؊ Mice and Mice Treated with 14D12 mAb Produce Less
VLDL. Low fasting serum TG levels could result from decreased hepatic VLDL production in addition to increased clearance. To test this, mice were injected with Triton WR1339 to inhibit TG clearance. As shown in Fig. 2D , TG levels rose more slowly in serum of Angptl4 Ϫ/Ϫ mice than in ϩ/ϩ mice and more slowly in serum of mice treated with 14D12 mAb relative to those receiving control mAb, suggesting a significant decrease in hepatic VLDL production.
Intestinal Abnormalities in Angptl4 ؊/؊ Mice and Mice Treated with 14D12 mAb. Although all Angptl4 ϩ/Ϫ intercrosses produced apparently healthy Angptl4 Ϫ/Ϫ progeny, Mendelian ratios at weaning (549 ϩ/ϩ, 1,095 ϩ/Ϫ, 301 Ϫ/Ϫ) indicated reduced viability of Ϫ/Ϫ mice. Multiple ill-appearing mice with bloated abdomens were identified preweaning and all were genotyped as Ϫ/Ϫ. Necropsy revealed that the mucosa of their entire small intestine was thickened, with mild to moderate infiltration of foamy macrophages in the lamina propria (SI Fig. 11 A and B) . Foci of ruptured histiocytes and saponified lipids were associated with multinucleated giant cells. Lymphatics and lacteals were frequently dilated (SI Fig. 11C ), and lipogranulomatous inflammation was present in the mesentery, draining lymphatics, and mesenteric lymph nodes (SI Fig. 11E ). Surviving Angptl4 Ϫ/Ϫ mice thrived when weaned onto chow diet and appeared to thrive during the first 20 weeks after weaning onto HFD. After 20 weeks on HFD, however, the Ϫ/Ϫ mice showed decreased survival relative to ϩ/ϩ mice weaned onto HFD and also relative to Ϫ/Ϫ mice weaned onto chow (Fig.  3) . Acutely ill mice often had abdominal distention due to accumulation of cloudy fluid with TG levels Ͼ2,500 mg/dl, , and 6 h after a 15 ml/kg olive oil gavage in overnight-fasted Angptl4 Ϫ/Ϫ mice (n ϭ 6) and ϩ/ϩ mice (n ϭ 7). (Right) Four days after receiving either 14D12 (n ϭ 10) or control (n ϭ 10) mAb, overnight-fasted C57BL/6J mice had serum TG measured at baseline (0) and 1, 3, and 6 h after a 15 ml/kg olive oil gavage. (B) i.v. lipid loading test. (Left) Serum TG measured at baseline (0) and 3, 15, and 30 min after Intralipid was given i.v. to overnight-fasted Angptl4 Ϫ/Ϫ mice (n ϭ 8) and ϩ/ϩ mice (n ϭ 10). (Right) Four days after receiving either 14D12 (n ϭ 7) or control (n ϭ 9) mAb, overnight-fasted C57BL/6J mice had serum TG measured at baseline (0) and 3, 15, and 30 min after i.v. Intralipid delivery. (C) NEFA levels measured in the same samples presented in B. (D) VLDL production test. (Left) Serum TG measured at baseline (0) and 2, 4, and 6 h after Triton WR1339 was delivered i.v. to overnight-fasted Angptl4 Ϫ/Ϫ mice (n ϭ 5) and ϩ/ϩ mice (n ϭ 6). (Right) Four days after receiving either 14D12 (n ϭ 15) or control (n ϭ 15) mAb, overnight-fasted C57BL/6J mice had serum TG measured at baseline (0) and 2, 4, and 6 h after i.v. delivery of Triton WR1339. * , P Ͻ 0.05; ** , P Ͻ 0.01; *** , P Ͻ 0.001. consistent with chylous ascites. The major lesion, present in both healthy-and ill-appearing Angptl4 Ϫ/Ϫ mice after prolonged exposure to HFD was lipogranulomatous inflammation primarily affecting lymph vessels and mesenteric lymph nodes draining the intestine; the lymphatics were often fibrotic and dilated. Lipogranulomatous inflammation was also present in small intestinal lamina propria but was milder and more chronic than that seen in Angptl4 Ϫ/Ϫ pups.
ApoE Ϫ/Ϫ mice on a high-fat Western diet showed abdominal pathology after 15 weekly injections of 30 mg/kg 14D12 mAb. Intestinal mucosal lesions were rare and relatively mild (SI Fig.  11D ), but 6 of 15 treated mice had chylous ascites (3 with distended abdomens), and 13 of 15 had pathologic findings in mesenteric lymphatics and lymph nodes identical to those seen in the HFD-challenged Angptl4 Ϫ/Ϫ mice (SI Fig. 11F ). In contrast, none of the 29 ApoE Ϫ/Ϫ mice showed these abnormalities after 15 weekly injections of vehicle or control mAb. Similar pathology was noted in occasional HFD-challenged LDLr Ϫ/Ϫ mice and C57BL/6J mice after receiving multiple injections of 14D12 mAb, but never in mice receiving vehicle or control mAb. ApoE mice receiving four weekly injections of 14D12 mAb while on the high fat Western diet developed lipogranulomatous lesions first in the mesenteric lymph nodes draining the small intestine rather than in the intestine or lymphatic vessels.
14D12 mAb Does Not Lower Lipid Levels in Angptl4 ؊/؊ Mice. As shown in Fig. 4A , Angptl4 ϩ/ϩ mice receiving 14D12 mAb had lower TG and total cholesterol levels compared with those receiving control mAb. In contrast, Angptl4 Ϫ/Ϫ mice receiving 14D12 mAb showed no difference in TG or total cholesterol levels compared with those receiving control mAb.
14D12 mAb Lowers TG in Angptl4 ؊/؊ Mice Expressing hAngptl4.
Preliminary studies found that mice infected with Ad5-hAngptl4, a recombinant adenoviral vector expressing hAngptl4, had higher levels of serum TG and serum Angptl4 relative to empty vector and that higher doses of Ad5-hAngptl4 led to higher TG levels. Consistent with these findings, Angptl4 Ϫ/Ϫ mice infected with Ad5-hAngptl4 had increased serum TG levels (Fig. 4B) . Mice that then received 14D12 mAb showed an 86% decrease in TG levels after 2 days, a value significantly greater than the 21% fall in TG noted for mice receiving control mAb (P ϭ 0.0003).
Discussion
The data presented here demonstrate the power of combining knockout and monoclonal antibody technologies to determine the physiologic role of a secreted protein. Both genetic (knockout)-and antibody-mediated inhibition of Angptl4 led to lower serum TG and modestly lower serum cholesterol levels, confirming data reported in Angplt4 Ϫ/Ϫ mice (8) . Also, both genetic and antibody-mediated Angptl4 inhibition led to lower serum TG levels after oral olive oil challenge. This result could represent increased systemic clearance, consistent with the decreased clearance found with Angptl4 overexpression (9, 10), but could also result from lipid malabsorption secondary to intestinal pathology. The fact that Angptl4 Ϫ/Ϫ mice and C57BL/6J mice treated with 14D12 mAb showed a more rapid drop in serum TG after i.v. lipid challenge indicates that Angptl4 inhibition results in increased TG clearance. The fact that these two groups of mice had increased serum NEFA levels when TG levels were comparable to those of control mice supports published data that LPL-mediated lipolysis underlies the increased clearance (4, 5, 8, 9) .
Although Angptl4 inhibition results in lower serum TG levels by increasing clearance, it is possible that decreased hepatic VLDL production contributes to lower TG levels. This possibility is not predicted by published studies, which showed no increase in VLDL production during adenoviral-mediated overexpression of rat Angptl4 in liver (6) or transgene-mediated overexpression of mouse Angptl4 in adipose tissue and skeletal muscle (10) . Nevertheless, studies presented here show that both genetic and antibody inhibition of Angptl4 resulted in decreased VLDL production. The reason for this discrepancy is not clear, but the effect of inhibition should be better predicted by direct Fasting TG levels measured in Angptl4 Ϫ/Ϫ mice at baseline on day 0 (d0) and then on day 4 (d4) and day 6 (d6). On d0, Angptl4 Ϫ/Ϫ mice were infected with Ad5-hAngptl4. After 4 days, serum TG levels were used to divide these mice into two groups with comparable TG levels. These groups then received 90 mg/kg of either 14D12 (n ϭ 5) or control (n ϭ 6) mAb on days 4 and 5.
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PNAS ͉ July 10, 2007 ͉ vol. 104 ͉ no. 28 ͉ 11769 MEDICAL SCIENCES gene and protein inactivation studies than by extrapolation from overexpression studies. The mechanism behind the decrease in serum HDL cholesterol was not studied. However, systemic LPL activation after i.v. heparin injection (12) or transgenic LPL overexpression (13) (14) (15) is usually associated with decreased HDL cholesterol. Also, adenoviral-mediated overexpression of ApoAV, which may function as an LPL activator, also lowered HDL cholesterol (12) . Thus, lower HDL cholesterol may result from the increased LPL activity associated with Angptl4 inhibition.
Lipogranulomatous lesions were often present in Angptl4 Ϫ/Ϫ mice. Lesions were more abundant in the intestines of suckling mice, whereas in older mice they were more abundant in mesenteric lymph nodes draining the small intestine. Increased mortality was seen in suckling mice and in adult mice fed HFD for at least 20 weeks, suggesting that dietary fat is a critical predisposing factor. The increased mortality in suckling mice confirms a recent study which reported 93% perinatal mortality for Angptl4 Ϫ/Ϫ mice on a 129/SvJ:C57BL/6J background (16) . In both studies, Angptl4 Ϫ/Ϫ suckling mice displayed abdominal distention and abnormalities of intestinal lymphatics, underscoring the important role played by Angptl4 in intestinal physiology. Lipogranulomatous lesions and lymph node involvement were not described in the Ϫ/Ϫ mice from the previous study (16) , whereas the striking abundance of red blood cells in lymphatic vessels of those Ϫ/Ϫ mice were not found in the lymphatics of the suckling Angptl4 Ϫ/Ϫ mice reported here. Further work is needed to reconcile the potential differences between these two lines.
In a number of independent HFD-fed mouse lines, long-term inhibition of Angptl4 with 14D12 mAb recapitulated the phenotype of lipogranulomatous lesions seen in HFD-fed Angptl4 Ϫ/Ϫ mice. This finding suggests that the lipogranulomatous lesions are an on-target result of Angptl4 inhibition, and that Angptl4 plays a role in the intestine that is not duplicated by other proteins. Although the mechanism behind this phenotype is unknown, the association of HFD intake with these lesions suggests that, without Angptl4, increased lipase activity may catalyze premature release of fatty acids from intestinal lipids before and/or during lymphatic transport. Chylous ascites and early mortality also occur in mice deficient for the related protein Angpt2 due to abnormal remodeling and maturation of lymphatic vessels (17). Short-term antibody studies presented here suggest that the lipogranulomatous lesions are first associated with the mesenteric lymph nodes draining the small intestine rather than with the lymphatic vessels themselves. This finding implies that lymph leakage and chylous ascites develops in Angptl4 Ϫ/Ϫ mice due to upstream obstruction of lymphatic flow rather than to a primary impairment in the integrity of lymphatic vessels as occurs in Angpt2 Ϫ/Ϫ mice.
The lipid phenotype of Angptl4 Ϫ/Ϫ mice was highly predictive for the target-based effects of the anti-Angptl4 mAb. This observation supports the hypothesis that knockouts are useful for modeling the pharmacologic activity of agents that inhibit the action of specific proteins in vivo (18) (19) (20) . Also, the Angptl4 Ϫ/Ϫ mice provided additional advantages in the study of Angptl4 physiology. First, their lack of Angptl4 made them ideal for mAb generation because breaking immune tolerance was not an issue, resulting in a variety of anti-Angptl4 mAbs, including those like 14D12 mAb, which neutralized Angptl4 activity in vitro. Second, Angptl4 Ϫ/Ϫ mice allowed direct testing of whether the lipidlowering effects of 14D12 mAb were on-target. Indeed, the ability of 14D12 mAb to lower TG and cholesterol in Angptl4 ϩ/ϩ mice, but not Ϫ/Ϫ mice, suggested that the entire lipidlowering effect of 14D12 was due to specific inhibition of Angptl4. This is important because knockout of the closely related family member Angptl3 also results in lower TG levels and because mice lacking both Angptl3 and Angptl4 have nearly undetectable TG levels (8) . The inability of 14D12 mAb to lower TG in Angptl4 Ϫ/Ϫ mice suggests that the TG-lowering effect of 14D12 mAb is not, even in part, due to Angptl3 inhibition. Third, adenoviral-mediated overexpression of hAngptl4 in Angptl4 Ϫ/Ϫ mice showed that the human form of this protein, which is secreted by the liver, raises TG levels in mice in vivo, confirming previous findings (5, 8) . Fourth, Angptl4 Ϫ/Ϫ mice that overexpressed hAngptl4 responded to 14D12 mAb with lower TG levels, suggesting that knockout mice may provide a useful model for testing whether mAbs regulate the in vivo function of the human form of their target protein.
Humans heterozygous for the Angptl4 variant E40K were recently found to have significantly lower fasting plasma TG levels in three independent studies (11) . E40K homozygotes identified in the two largest studies had TG levels that were even lower than those measured in heterozygotes, reminiscent of the pattern of TG levels reported here for Angptl4 ϩ/Ϫ and Ϫ/Ϫ mice. Also in the two largest studies, HDL cholesterol levels were significantly higher in heterozygotes. The association of high TG and low HDL cholesterol with increased risk of coronary artery disease is well established (21, 22) , suggesting that Angptl4 inhibition may have utility in lowering the risk of adverse cardiovascular events for patients with this lipid profile. Although Angptl4-null alleles exist in humans (11) , the intestinal pathology of Angptl4 Ϫ/Ϫ mice has not been reported. If humans with complete Angptl4 deficiency are not at risk for the intestinal complications found in Angptl4 Ϫ/Ϫ mice, then the appropriate Angpltl4 neutralizing antibody could have therapeutic applications in dyslipidemia and cardiovascular disease.
Materials and Methods
Generation of Angptl4 Knockout Mice. The Angptl4 knockout mice were produced in a collaboration between Genentech (South San Francisco, CA) and Lexicon Pharmaceuticals to analyze the function of Ϸ500 secreted and transmembrane proteins. The first line of Angptl4-deficient mice was generated by gene trapping. Methods for gene trapping in ES cells, identification of trapped genes by using OmniBank sequence tags (OSTs), and characterization of retroviral gene-trap vector insertion points are published in refs. [23] [24] [25] [26] . OmniBank ES cell clone OST352973 was used to generate Angptl4 Ϫ/Ϫ mice as described in ref. 24 . All mice were of mixed genetic background (129/SvEvBrd and C57BL/6J). To confirm mutation of the Angptl4 locus, RNA was extracted from kidney and liver of Angptl4 Ϫ/Ϫ and littermate ϩ/ϩ mice, and RT-PCR was performed as described in ref. 24 . Genotyping was performed on tail DNA by quantitative dot blots (Bio-Rad, Hercules, CA) as described in refs. 25 and 26. A second line of Angptl4 Ϫ/Ϫ mice was generated by homologous recombination. The conditional targeting vector, derived using the Lambda KOS system (27) , targeted exons 2 and 3 for deletion as described in SI Methods.
Mouse Care and Study. All procedures involving animals were conducted in conformity with Institutional Animal Care and Use Committee guidelines that are in compliance with state and federal laws and the standards outlined in the Guide for the Care and Use of Laboratory Animals (28) . Unless stated otherwise, adult male mice were used. Mice were housed at 24°C on a fixed 12-h light/12-h dark cycle and had free access to water and rodent chow. Angptl4 ϩ/ϩ, Angptl4 Ϫ/Ϫ, and C57BL/6J mice were fed either chow (product no. 5021; Purina, St. Louis, MO) or 45% HFD (D12451i; Research Diets, New Brunswick, NJ). LDLr Ϫ/Ϫ mice (catalog no. 002207; The Jackson Laboratory, Bar Harbor, ME) were fed Clinton diet (D12107; Research Diets), ApoE Ϫ/Ϫ mice (catalog no. APOE-M; Taconic, Hudson, NY) were fed Western diet (D12079B; Research Diets), and db/db mice (BKS.Cg-m ϩ/ϩ Lepr db / J, catalog no. 000642; The Jackson Laboratory) were fed chow diet.
